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probability of the same kind as that of the probability of a hundred
successive tosses of a penny all giving heads, or of a series of
letters drawn at random forming a sequence which spells out a
meaningful sentence or piece of literature. But a gene mutation
does not merely add or substract a part or characteristic of the
organism, nor does a new combination of genes correspond merely
to a new collection of parts in the phenotype.

Although not at present referable to gene action, the remarkable
and complex differences that may result from simple initial
difference of protoplasms are of importance here. This has been
vividly presented by D'Arcy Thompson in his well-known book,
Grozvth and Form. He shows howy for instance, the most complex
form of Racliolarian shells or sponge spicules develop according
to the physical principles of surface tension, adsorption, and the
like, from simple antecedent physical and chemical conditions in
the protoplasm. The importance of this is that we do not have
to account for the building up of the more complex from the
simpler structures step by step, by additions here and subtractions
there. A comparatively simple change in the internal physical
conditions will produce the difference between a Radiolarian
skeleton consisting of a few isolated rods of silica, and the beautiful
and complex skeletons consisting of concentric lattice work spheres.

Thompson also shows how complex differences in the pro-
portions of all partSi of the body in different species can be reduced
to differences of growth rates pervading the organism as a whole,
and expressible in simple mathematical terms. Out of the wealth
of material he presents, I shall select only one, the relation between
the forms of the skull of the baboon, the chimpanzee and man. In
a general way, these skulls are characterized by a progressive
enlargement of the brain case and diminution of the jaws.
Thompson shows an outline of a human skull projected on a
system of a Cartesian co-ordinates consisting of a rectangle divided
into squares by equidistant vertical and horizontal lines. If, on a
similar projection of a chimpanzee's skull, lines are drawn through
the points on the skull corresponding to those lying on the
rectangular cross lines dividing the human skull, the straight lines
are replaced by curves, and the areas enclosed between the inter-
seeling curves increase in an approximately logarithmic order as
we pass from above downwards and from behind forwards. A
projection of the baboon's skull shows a similar but more pro-
nounced deformation of the rectangular co-ordinates of the human